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%/$67DQDO\VLVUHYHDOHGKRPRORJ\RIWKH)2&/1WHUPLQXVZLWKµ3ROOHQ2OHHDOOHUJHQ ? ? ?
DQGH[WHQVLQIDPLO\¶SURWHLQVEXWWKHVHODFNWKH&WHUPLQDOGRPDLQDQGSUROLQHULFKUHJLRQ ? ? ?
SUHVHQWLQ)2&/QRWVKRZQVXJJHVWLQJWKDW)2&/PLJKWEHDFKLPHULFSURWHLQZLWKD ? ? ?
3ROOHQ2OHHH[WHQVLQOLNHGRPDLQDWWKH1WHUPLQXVDSUROLQHULFK$*3OLNHWDQGHP ? ? ?
UHSHDWLQWKHPLGGOHRILWVVHTXHQFHDQGDQ$WJOLNHGRPDLQDWWKH&WHUPLQXV ? ? ?
FOCL1LVH[SUHVVHGLQJXDUGFHOOVDQGODWHUDOURRWSULPRUGLD ? ? ?
3XEOLVKHGWUDQVFULSWRPHGDWDLQGLFDWHWKDWFOCL1LVVWURQJO\H[SUHVVHGLQJXDUGFHOO ? ? ?
SURWRSODVWVDQGLQURRWVDQGWKDWH[SUHVVLRQOHYHOVDUHORZHULQURRWWKDQLQVKRRWWLVVXH ? ? ?
=LPPHUPDQHWDO:LQWHUHWDO<DQJHWDO:HH[DPLQHGFOCL1 ? ? ?
H[SUHVVLRQSDWWHUQVXVLQJSODQWVH[SUHVVLQJWKHȕJOXFXURQLGDVHJHQHXQGHUWKHFRQWURORI ? ? ?
WKH'1$UHJLRQXSVWUHDPRIWKHFOCL1FRGLQJVHTXHQFHpFOCL1:GUS*86H[SUHVVLRQ ? ? ?
ZDVSUHGRPLQDQWO\REVHUYHGLQLPPDWXUHDQGPDWXUHJXDUGFHOOV)LJ%DQG&6WDLQLQJ ? ? ?
ZDVQRWSUHVHQWLQJXDUGFHOOSUHFXUVRUVVXFKDVJXDUGPRWKHUFHOOVVXJJHVWLQJWKDW ? ? ?
)2&/LVQRWGLUHFWO\LQYROYHGLQWKHIRUPDWLRQRUSDWWHUQLQJRIVWRPDWDGXULQJVKRRW ? ? ?
GHYHORSPHQW6WDLQLQJZDVDOVRVHHQLQHPHUJHGODWHUDOURRWV)LJ'DQGGHYHORSLQJ ? ? ?
SULPRUGLD7RJHWKHUWKHVHUHVXOWVVXJJHVWHGWKDW)2&/LVDQ+5*3ZKLFKFRXOGSRWHQWLDOO\ ? ? ?
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
IXQFWLRQLQWKHFHOOZDOOVGXULQJJXDUGFHOOPDWXUDWLRQDQGIXQFWLRQDQGGXULQJODWHUDOURRW ? ? ?
GHYHORSPHQW ? ? ?
3ODQWVODFNLQJ)2&/KDYHODUJHVWRPDWD ? ? ?
7ZRLQGHSHQGHQW$UDELGRSVLVOLQHVZLWK7'1$LQVHUWLRQVESDSDUWLQWKHWKLUGH[RQRI ? ? ?
WKHFOCL1JHQHZHUHLVRODWHGDQGQDPHGfocl1-1 DQGfocl1-26XSSOHPHQWDO)LJ$ ? ? ?
([SUHVVLRQRIWKHFOCL1WUDQVFULSWZDVQRWGHWHFWDEOHE\573&5RIKRPR]\JRXVfocl1-1 ? ? ?
SODQWVZLWKSULPHUVVSDQQLQJWKHLQVHUWLRQVLWH6XSSOHPHQWDO)LJ%EXWDSURGXFWZDV ? ? ?
VHHQLQfocl1-2ZLWKSULPHUVXSVWUHDPRIWKHLQVHUWLRQVLWHVXJJHVWLQJDWUXQFDWHGSURWHLQ ? ? ?
FRXOGEHSURGXFHGfocl1-1DQGfocl1-SODQWVZHUHERWKVPDOOHUWKDQZLOGW\SHZLWKUHGXFHG ? ? ?
URVHWWHZLGWKDWEROWLQJ*URZWKRIfocl1-1SODQWVZDVPRUHVHYHUHO\DIIHFWHGWKDQfocl1-2 ? ? ?
SODQWVDQGWKHVHZHUHVPDOOHUDQGSDOHUWKDQfocl1-26XSSOHPHQWDO)LJ$VZHKDG ? ? ?
REVHUYHGVWURQJH[SUHVVLRQRIFOCL1LQJXDUGFHOOVZHH[DPLQHGWKHOHDIVXUIDFHVRIWKHVH ? ? ?
SODQWVXVLQJHSLGHUPDOLPSULQWV%RWKfocl1-1DQGfocl1-2VKRZHGVLJQLILFDQWLQFUHDVHVLQ ? ? ?
DED[LDOVWRPDWDOLQGH[6,LQWKHH[SHULPHQWVKRZQLQ)LJ(GXHWRDVLJQLILFDQWGHFUHDVH ? ? ?
LQWKHQXPEHURISDYHPHQWFHOOV+RZHYHUZHREVHUYHGQRFRQVLVWHQWDOWHUDWLRQLQVWRPDWDO ? ? ?
GHQVLW\LQUHSOLFDWHGH[SHULPHQWVQRFOXVWHULQJRIVWRPDWDRUDUUHVWHGSUHFXUVRUFHOOVDV ? ? ?
RIWHQVHHQLQVWRPDWDOGHYHORSPHQWDOPXWDQWVHJ+XQWDQG*UD\,QVWHDGZH ? ? ?
REVHUYHGDQXQXVXDOSKHQRW\SHLQERWKLPSULQWVDQGLQFOHDUHGLPDJHVRIZKROHOHDYHV ? ? ?
focl1 VWRPDWDZHUHREYLRXVO\ODUJHUWKDQQRUPDODQGKDGDSRUHWKDWDSSHDUHGWREH ? ? ?
GLIIHUHQWWRZLOGW\SH)LJ),0HDVXUHPHQWRIVWRPDWDOGLPHQVLRQVFRQILUPHGVLJQLILFDQW ? ? ?
LQFUHDVHVLQZLGWKDQGOHQJWKRI focl1-1 JXDUGFHOOSDLUVRQWKHDED[LDODQGDGD[LDOOHDI ? ? ?
VXUIDFHVfocl1-1VWRPDWDZHUHDQGODUJHUWKDQZLOGW\SHVWRPDWDZKHQWKHLUDUHD ? ? ?
ZDVFDOFXODWHGDVDQHOOLSVH)LJ-7RFRQILUPWKDWERWKWKHUHGXFHGURVHWWHJURZWKDQG ? ? ?
ODUJHUVWRPDWDZHUHFDXVHGE\ODFNRI)2&/focl1-1DQGfocl1-2PXWDWLRQVZHUH ? ? ?
FRPSOHPHQWHGE\WUDQVIRUPDWLRQZLWKDJHQRPLFIUDJPHQWFRQWDLQLQJWKHZLOGW\SHFOCL ? ? ?
JHQHZLWKDQ1WHUPLQDOO\IXVHG*)3focl1-1pFOCL1:GFP-FOCL1RU&WHUPLQDOO\IXVHG ? ? ?
0<&WDJfocl1-2pFOCL1:FOCL-MYC17KLV*)3)2&/SURWHLQUHVFXHGURVHWWHJURZWK ? ? ?
DQG UHWXUQHGVWRPDWDOFRPSOH[VL]HVWRZLOGW\SHYDOXHVLQERWKPXWDQWEDFNJURXQGV ? ? ?
6XSSOHPHQWDO)LJ$%$% ? ? ?
)2&/LVLQYROYHGLQWKHIRUPDWLRQRIVWRPDWDOSRUHRXWHUFXWLFXODUOHGJHV ? ? ?
7RLQYHVWLJDWHfocl1VWRPDWDOPRUSKRORJ\LQGHWDLOZHH[DPLQHGOHDIVXUIDFHVXVLQJFU\R6(0 ? ? ?
RQZHHNROGSODQWV7KLVUHYHDOHGWKDWLQLPPDWXUHµURXQGHG¶VWRPDWHVWKHSRUHLVFRYHUHG ? ? ?
E\DFXWLFXODUOD\HUZKLFKDSSHDUVWRWHDUWRIRUPWKHRXWHUFXWLFXODUOHGJHDQGWRUHYHDODQG ? ? ?
VXUURXQGWKHSRUHDVWKHJXDUGFHOOVOHQJWKHQDQGPDWXUH,QFRQWUDVWfocl1 VWRPDWDOSRUHV ? ? ?
UHPDLQHGFRYHUHGRYHURURFFOXGHGE\ZKDWDSSHDUVWREHDQH[WHQVLRQRIWKHFXWLFOHDQG ? ? ?
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GRQRWIRUPDQRXWHUFXWLFXODUOHGJHDURXQGWKHSRUH)LJV$))XUWKHU6(0DQDO\VLV ? ? ?
VKRZHGWKDWHYHQDIWHUIL[DWLRQDQGGHK\GUDWLRQWKHPDMRULW\DSSUR[RIfocl1 SRUHVRQ ? ? ?
PDWXUHOHDYHVDQGVWHPVUHPDLQRFFOXGHG6XSSOHPHQWDO)LJZLWKDPLQRULW\RIVWRPDWD ? ? ?
IRUPLQJDVOLWOLNHRSHQLQJ)LJDQG6XSSOHPHQWDO)LJ7RFRQILUPWKDWWKHQXPHURXV ? ? ?
RFFOXGHGVWRPDWDOSRUHVZHUHQRWDQDUWHIDFWRIHOHFWURQPLFURVFRS\ZHLPDJHGWKH ? ? ?
HSLGHUPDOVXUIDFHWRSRJUDSK\RIVHYHUDOVWRPDWHVIURPIUHVKOHDIWLVVXHXVLQJERWKYHUWLFDO ? ? ?
VFDQQLQJLQWHUIHURPHWU\96,)LJ$DQG%DQGDWRPLFIRUFHPLFURVFRS\$)0)LJ& ? ? ?
DQG'; 6XSSOHPHQWDO)LJ7KHVHWZRWHFKQLTXHVZKLFKSK\VLFDOO\SUREHWKHVXUIDFHRIDQ ? ? ?
REMHFWWRPHDVXUHKHLJKWGLIIHUHQFHVERWKFRQILUPHGWKDWfocl1VWRPDWDOSRUHVDUHFRYHUHG ? ? ?
E\ZKDWDSSHDUVWREHDFRQWLQXRXVOD\HURIFXWLFOH)XUWKHUPRUHOLJKWPLFURVFRS\RIVWDLQHG ? ? ?
FURVVVHFWLRQVRIVWRPDWDDOVRUHYHDOHGDFRQWLQXRXVµIXVHG¶FXWLFXODUOHGJHIRUPHGEHWZHHQ ? ? ?
WKHHGJHVRIWKHWZRJXDUGFHOOVVXUURXQGLQJWKHSRUH)LJ(+ ? ? ?
6WDLQLQJZLWKWKHOLSRSKLOLFVWDLQ1LOHUHGUHYHDOHGDVKDUSGLVFUHWHFXWLFXODUOHGJH ? ? ?
VXUURXQGLQJWKHRXWHUHGJHRIZLOGW\SHVWRPDWDOSRUHVDWWDFKHGWRWKHJXDUGFHOOV)LJ$ ? ? ?
,Qfocl1 VWRPDWHVWKLVVWDLQLQJZDVPRUHGLIIXVHDQGVSUHDGDFURVVWKHZKROHSRUHDUHD)LJ ? ? ?
%7RIXUWKHULQYHVWLJDWHWKHFKHPLFDOQDWXUHRIWKLVOLSRSKLOLFPDWHULDOFRYHULQJWKH ? ? ?
VWRPDWDOSRUHVZHXVHG5DPDQPLFURVFRS\7KHZLOGW\SHDQGfocl1-1JXDUGFHOOVSURGXFHG ? ? ?
VLPLODU5DPDQVSHFWUDZKHQFHQWUDOUHJLRQVRIWKHFHOOVGLVWDQWIURPWKHOHGJHZHUH ? ? ?
DQDO\VHG)LJ&DQG)3HDNVRIZDYHOHQJWKDQGLQGLFDWLYHRIHSLFXWLFXODU ? ? ?
ZD[HV*UHHQHDQG%DLQZHUHREVHUYHGLQWKHFXWLFXODUOHGJHUHJLRQRIZLOGW\SH ? ? ?
JXDUGFHOOV)LJ'6LPLODUSHDNVLQWKHVSHFWUDZHUHREVHUYHGDIWHUDQDO\VLVRIVSRWVLQ ? ? ?
WKHPLGGOHRIWKHRFFOXGHGfocl1-1SRUH)LJ*ZKHUHDVWKHVSHFWUXPRYHUWKHZLOGW\SH ? ? ?
SRUHDSHUWXUHDUHDGLGQRWVKRZSHDNVDWWKHVHZDYHOHQJWKV)LJ(7KXVLWDSSHDUVWKDW ? ? ?
JXDUGFHOOVODFNLQJ)2&/DUHDEOHWRSURGXFHHSLFXWLFXODUZD[PDWHULDOEXWDUHXQDEOHWR ? ? ?
SURSHUO\IRUPDFXWLFXODUOHGJHDURXQGWKHLUVWRPDWDOSRUHVDQGFRQVHTXHQWO\WKHFXWLFOH ? ? ?
IRUPVDFRQWLQXRXVOD\HUDFURVVWKHSRUH ? ? ?
)2&/SURWHLQORFDOLVHVWRWKHRXWHUFXWLFXODUOHGJHRIJXDUGFHOOV ? ? ?
7RLQYHVWLJDWHZKHWKHU)2&/LVDVHFUHWHGFHOOZDOOSURWHLQDVSUHGLFWHGE\LWVVHTXHQFH ? ? ?
DQGZKHWKHULWFRXOGDFWLQWKHIRUPDWLRQRIWKHJXDUGFHOOFXWLFXODUOHGJHZHH[DPLQHGWKH ? ? ?
VXEFHOOXODUORFDOLVDWLRQRIWKH)2&/SURWHLQ7RGRWKLVZHDQDO\VHGWKHH[SUHVVLRQRID ? ? ?
)2&/*)3IXVLRQSURWHLQin vivoLQfocl1-2 SODQWVWUDQVIRUPHGZLWKWKHSURPRWHUDQG ? ? ?
FRGLQJUHJLRQRIFOCL1LQIUDPHZLWKD&WHUPLQDO*)3WDJ7KHUHVXOWVVKRZQLQ)LJV$ ? ? ?
DQG%LQGLFDWHWKDWWKHIOXRUHVFHQWIXVLRQSURWHLQDFFXPXODWHVVSHFLILFDOO\LQWKHFXWLFXODU ? ? ?
OHGJHRIJXDUGFHOOVIXUWKHULQGLFDWLQJWKDW)2&/LVVHFUHWHGIURPJXDUGFHOOVDQGDFWV ? ? ?
GLUHFWO\LQWKHIRUPDWLRQRIWKHFXWLFXODUOHGJH ? ? ?
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 ? ? ?
/DFNRI)2&/LPSDLUVVWRPDWDODSHUWXUHFRQWURODQGWUDQVSLUDWLRQ ? ? ?
:HWHVWHGZKHWKHUWKHIXVHGVWRPDWDOFXWLFOHSKHQRW\SHRIfocl1PXWDQWVZRXOGDIIHFWWKH ? ? ?
DELOLW\RISODQWVWRFDUU\RXWJDVH[FKDQJH7RDVVHVVWUDQVSLUDWLRQSODQWVZHUHJURZQDW ? ? ?
KLJKKXPLGLW\DQGNHSWZHOOZDWHUHGLQDSURSDJDWRUZLWKDOLG7KHLUOHDIVXUIDFH ? ? ?
WHPSHUDWXUHVZHUHPRQLWRUHGE\LQIUDUHGWKHUPRJUDSK\ZKLFKLVDSUR[\PHDVXUHRI ? ? ?
WUDQVSLUDWLRQUDWH2QDYHUDJHPDWXUHOHDYHVRIFOCL1 PXWDQWVZHUHDSSUR[LPDWHO\& ? ? ?
ZDUPHUWKDQFRQWUROSODQWVDQGUHPDLQHGKRWWHUIRUDWOHDVWKRXUVDIWHUKXPLGLW\ZDV ? ? ?
UHGXFHGE\UHPRYDORIWKHSURSDJDWRUOLGVXJJHVWLQJDUHGXFHGOHYHORIWUDQVSLUDWLRQDQG ? ? ?
HYDSRUDWLYHFRROLQJLQWKHfocl1SODQWV)LJ$DQG%7KHfocl1SODQWVUHWDLQHGWKHLU ? ? ?
ZDUPHUWHPSHUDWXUHWKURXJKRXWWKHH[SHULPHQWZKLOVWWKHZLOGW\SHSODQWVVORZO\DGMXVWHGWR ? ? ?
WKHOHVVKXPLGHQYLURQPHQWE\UHGXFLQJWKHLUOHYHORIWUDQVSLUDWLRQDQGHYHQWXDOO\LQFUHDVLQJ ? ? ?
WKHLUWHPSHUDWXUHWRDVLPLODUOHYHOWRWKDWRIWKHPXWDQWVSUHVXPDEO\E\FORVLQJWKHLU ? ? ?
VWRPDWDOSRUHV/HDISRURPHWU\PHDVXUHPHQWVRQZHOOZDWHUHGXQSHUWXUEHGSODQWVDOVR ? ? ?
FRQILUPHGDVXEVWDQWLDOO\UHGXFHGOHYHORIVWRPDWDOFRQGXFWDQFHIURPfocl1OHDYHV)LJ& ? ? ?
ZKLFKLVFRQVLVWHQWZLWKWKHREVHUYDWLRQWKDWfocl1VWRPDWDDUHSDUWLDOO\RUFRPSOHWHO\ ? ? ?
RFFOXGHGE\DFRYHULQJRIFXWLFOH)LJDQG)LJ:HFRQILUPHGWKDWWKHUHGXFHG ? ? ?
WUDQVSLUDWLRQSKHQRW\SHZDVGXHWRORVVRI)2&/E\VKRZLQJWKDWOHDIWHPSHUDWXUHVZHUH ? ? ?
UHWXUQHGWRZLOGW\SHOHYHOVZKHQfocl1-1RUfocl1-2ZHUHFRPSOHPHQWHGZLWKWKHZLOGW\SH ? ? ?
JHQHLQfocl1-1pFOCL1:FOCL-MYC1or focl1-1pFOCL1:GFP-FOCL1RUfocl1- ? ? ?
2pFOCL1:FOCL-MYC16XSSOHPHQWDO)LJ ? ? ?
:HQH[WH[SORUHGZKHWKHUWKHDOWHUDWLRQVLQWKHPRUSKRORJ\RIfocl1VWRPDWDDQGWKHLU ? ? ?
FXWLFOHVDIIHFWHGWKHLUDELOLW\WRFORVHWKHLUSRUHVLQUHVSRQVHWRHQYLURQPHQWDOVWLPXOL7R ? ? ?
LQYHVWLJDWHWKHHIIHFWRIWKHODFNRI)2&/RQVWRPDWDODSHUWXUHFRQWUROZHPHDVXUHG ? ? ?
VWRPDWDOSRUHVIURPLVRODWHGHSLGHUPDOVWULSVIROORZLQJLQFXEDWLRQZLWKµ0$%$DSODQW ? ? ?
VWUHVVKRUPRQHWKDWWULJJHUVVWRPDWDOFORVXUH$OOSRUHVLQWKHILHOGRIYLHZZHUHPHDVXUHG ? ? ?
DVLWZDVQRWSRVVLEOHWRWHOOXQGHUOLJKWPLFURVFRS\ZKHWKHUWKH\ZHUHFRYHUHGRYHURUQRW ? ? ?
$OWKRXJKWKHfocl1VWRPDWDFORVHGWRVRPHH[WHQWLQUHVSRQVHWR$%$WKH\ZHUHXQDEOHWR ? ? ?
FORVHDVIXOO\DVZLOGW\SHVWRPDWDDQGWKHZLGWKDQGDUHDVRIWKHLUSRUHDSHUWXUHVUHPDLQHG ? ? ?
VLJQLILFDQWO\ODUJHU)LJ')7RWDNHDFFRXQWRIWKHLQFUHDVHGVWRPDWDOFRPSOH[VL]HLQ ? ? ?
focl1LQWKHVHH[SHULPHQWVZHFDOFXODWHGWKHUHODWLYHUHGXFWLRQVLQSRUHZLGWKDQGDUHDLQ ? ? ?
WKHSUHVHQFHRI$%$ZLOGW\SHVWRPDWDOSRUHZLGWKDQGDUHDGHFUHDVHGE\DQGEXW ? ? ?
focl1-1VWRPDWDOSRUHZLGWKDQGDUHDGHFUHDVHGE\RQO\DQGUHVSHFWLYHO\7KXVLW ? ? ?
DSSHDUVWKDWORVVRI)2&/OHDGVWRLPSDLUHGJXDUGFHOOPRYHPHQW+RZHYHUGHVSLWHWKHLU ? ? ?
LPSDLUHG$%$LQGXFLEOHVWRPDWDOFORVXUH focl1SODQWVZLOWHGOHVVUHDGLO\WKDQZLOGW\SHZKHQ ? ? ?
ZDWHUZDVZLWKKHOGIRUGD\VSUHVXPDEO\EHFDXVHRIWKHLURFFOXGHGVWRPDWDDQGUHGXFHG ? ? ?
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 ?

OHYHORIWUDQVSLUDWLRQ,QWKHVHH[SHULPHQWVERWKfocl1OLQHVGLVSOD\HGGURXJKWWROHUDQFH ? ? ?
VKRZLQJQRYLVLEOHVLJQVRIZDWHUVWUHVVZKHUHDVWKHZLOGW\SHSODQWVZHUHXQDEOHWRUHFRYHU ? ? ?
ZKHQUHZDWHUHG)LJ* ? ? ?
)2&/DFWVGXULQJODWHUDOURRWHPHUJHQFHDQGLQIOXHQFHVURRWDUFKLWHFWXUH ? ? ?
$GHWDLOHGVWXG\RIpFOCL1:GUSURRWVLQGLFDWHGWKDWFOCL1LVH[SUHVVHGDWDYHU\HDUO\ ? ? ?
VWDJHRIODWHUDOURRWGHYHORSPHQW/DWHUDOURRWVRULJLQDWHIURPODWHUDOURRWIRXQGHUFHOOV ? ? ?
ORFDWHGRSSRVLWH[\OHPSROHSHULF\FOHFHOOVFOCL1LVH[SUHVVHGVRRQDIWHUGLYLVLRQRIWKH ? ? ?
IRXQGHUFHOOV)LJ$GUSH[SUHVVLRQLVILUVWVHHQLQVWDJH,,SULPRUGLD3HUHWHWDO ? ? ?
DQGWKHQFRQWLQXHVWKURXJKRXWWKHIXUWKHUVWDJHVRIODWHUDOURRWSULPRUGLDGHYHORSPHQW ? ? ?
VWDJHV,,,WR9,,DQGHPHUJHQFH)LJ$FOCL1H[SUHVVLRQDSSHDUHGWREHVSHFLILFDOO\ ? ? ?
DVVRFLDWHGZLWKWKHGHYHORSLQJDQGHPHUJLQJODWHUDOURRWSULPRUGLDDQGQRVWDLQLQJZDV ? ? ?
REVHUYHGLQWKHVXUURXQGLQJRUWKHRYHUO\LQJFHOOVRIWKHSDUHQWURRWSULRUWRHPHUJHQFH ? ? ?
$VFOCL1LVH[SUHVVHGLQHDUO\URRWGHYHORSPHQWZHH[SORUHGZKHWKHUfocl1-1DQGfocl1-2 ? ? ?
PXWDQWVKDGGHIHFWVLQODWHUDOURRWSULPRUGLDGHYHORSPHQWDQGHPHUJHQFH/DWHUDOURRW ? ? ?
QXPEHUVGHQVLW\SULPDU\URRWOHQJWKVDQGODWHUDOURRWVWDJHVZHUHPHDVXUHGLQGD\ROG ? ? ?
VHHGOLQJV$VVKRZQLQ)LJ&(WKHUHZDVDVLJQLILFDQWUHGXFWLRQLQSULPDU\URRWOHQJWK ? ? ?
ODWHUDOURRWQXPEHUDQGODWHUDOURRWGHQVLW\LQfocl1 VHHGOLQJVFRPSDUHGWRZLOGW\SH7R ? ? ?
IXUWKHUH[SORUHLIWKLVGHIHFWZDVGXHWRGHIHFWVLQODWHUDOURRWJURZWKUDWHRULQODWHUDOURRW ? ? ?
LQLWLDWLRQDQGRUHPHUJHQFHURRWVZHUHFOHDUHGDQGDOOVWDJHVRIODWHUDOURRWSULPRUGLD ? ? ?
VFRUHG7KHUHVXOWVVKRZQLQ)LJ)LQGLFDWHWKDWODWHUDOURRWGHYHORSPHQWZDVVLJQLILFDQWO\ ? ? ?
GHOD\HGLQfocl1-1DWVWDJHV,9DQG97KHVHDUHWKHVWDJHVZKHQDVHULHVRIDQWLFOLQDODQG ? ? ?
SHULFOLQDOGLYLVLRQVSURGXFHDGRPHVKDSHVWUXFWXUHWKDWSURWUXGHVWKURXJKWKHFRUWH[ ? ? ?
WRZDUGVWKHHSLGHUPDOOD\HUSULRUWRHPHUJHQFH7KHVHGDWDLQGLFDWHWKDWWKH)2&/SURWHLQ ? ? ?
LVUHTXLUHGIRUWKHJURZWKRIHDUO\ODWHUDOURRWSULPRUGLDWKURXJKWKHSDUHQWURRW ? ? ?
  ? ? ?
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 ? ?

'LVFXVVLRQ ? ? ?
)2&/LVDSXWDWLYHFHOOZDOOVWUXFWXUDOSURWHLQ ? ? ?
3ODQWVSURGXFHPDQ\QRQHQ]\PDWLFSURWHLQVWKDWDUHEHOLHYHGWRLQIOXHQFHWKHVWUXFWXUHDQG ? ? ?
PHFKDQLFDOSURSHUWLHVRIWKHLUFHOOZDOOV+RZHYHUGHVSLWHH[WHQVLYHVWXG\WKHIXQFWLRQRI ? ? ?
PRVWRIWKHVHSURWHLQVUHPDLQVHOXVLYH:HKDYHFKDUDFWHULVHGDSXWDWLYH$UDELGRSVLVFHOO ? ? ?
ZDOOVWUXFWXUDOSURWHLQZKLFKLVUHTXLUHGIRUWKHFRUUHFWIXQFWLRQLQJRIJXDUGFHOOVDQGODWHUDO ? ? ?
URRWLQLWLDOV7KHH[SUHVVLRQRIFOCL1LQWKHVHGLVFUHWHFHOOW\SHVRIWKHHSLGHUPLVDQGURRW ? ? ?
VXJJHVWVWKDWWKLVSURWHLQLVUHTXLUHGWRFUHDWHWKHSDUWLFXODUFHOOZDOOSURSHUWLHVDVVRFLDWHG ? ? ?
ZLWKWKHLUVSHFLILFIXQFWLRQV7KH)2&/SURWHLQKDVDSUHGLFWHGVLJQDOVHTXHQFHDQG ? ? ?
SUROLQHULFKUHJLRQW\SLFDORIFHOOZDOO+5*3V.LHOLV]HZVNLDQG/DPSRUW7KH ? ? ?
GHGXFHGSURWHLQVHTXHQFHEHDUVOLPLWHGVLPLODULW\WRH[WHQVLQVH[FHSWIRUVHYHUDOSRWHQWLDOO\ ? ? ?
K\GUR[\ODWHGSUROLQHUHVLGXHVZKLFKDUHFRQVHUYHGZLWKWKHSUROLQHULFKGRPDLQRI$*3 ? ? ?
6XSSOHPHQWDO)LJ7KXV)2&/LVQRWDQH[WHQVLQDQGDSSHDUVWREHWKHRQO\PHPEHU ? ? ?
RIDGLVWLQFWVXEJURXSRI$UDELGRSVLV+5*3V7KHSUROLQHULFKVHTXHQFHVXJJHVWVWKDW ? ? ?
)2&/PRVWOLNHO\LQWHUDFWVZLWKRWKHUFHOOZDOOFRPSRQHQWVWKURXJKLWVSULPDU\VWUXFWXUHRU ? ? ?
WKURXJKVSHFLILFSRVWWUDQVODWLRQDOPRGLILFDWLRQVRIK\GUR[\SUROLQHUHVLGXHV7KURXJKWKHVH ? ? ?
LQWHUDFWLRQVLWPD\JXLGHWKHDVVHPEO\RIQHZFHOOZDOOPDWHULDORULWPD\EHLQYROYHGLQ ? ? ?
PDLQWDLQLQJWKHVWUXFWXUHDQGULJLGLW\RIWKHFHOOZDOO ? ? ?
5ROHDQGVWUXFWXUHRIWKHVWRPDWDORXWHUFXWLFXODUOHGJH ? ? ?
7KHJXDUGFHOOZDOODQGLWVH[WUDFHOOXODUPDWUL[KDYHDQLPSRUWDQWDQGVSHFLDOLVHGUROHLQWKH ? ? ?
IXQFWLRQLQJRIVWRPDWDDQGLQSUHYHQWLQJSODQWGHVLFFDWLRQ-RQHVHWDO:HVKRZWKDW ? ? ?
)2&/LVORFDOLVHGLQWKHJXDUGFHOORXWHUFXWLFXODUOHGJHDQGWKDWSODQWVODFNLQJ)2&/ ? ? ?
KDYHWKHLUVWRPDWDRFFOXGHGE\DFRQWLQXRXVOD\HURIFXWLFOHIRUPHGIURPDIXVHGRXWHU ? ? ?
FXWLFXODUOHGJH7KHUHWDUGHGJURZWKRIWKHVHSODQWVLVPRVWOLNHO\H[SODLQHGE\UHGXFHG&2 ? ? ?
HQWU\DQGFDUERQDVVLPLODWLRQDOWKRXJKLWLVSRVVLEOHWKDWWKHGHOD\HGGHYHORSPHQWRIWKHLU ? ? ?
URRWLQLWLDOVPD\DOVRFRQWULEXWHWRSRRUVHHGOLQJHVWDEOLVKPHQW7KHWLPLQJRIFOCL1 ? ? ?
H[SUHVVLRQGXULQJJXDUGFHOOPDWXUDWLRQ)LJDQGWKHUHODWLYHO\QRUPDOVWUXFWXUHRI ? ? ?
VWRPDWHVEHQHDWKWKHfocl1FXWLFOHVXJJHVWWKDW2&/IRUPDWLRQRFFXUVDIWHUJXDUGPRWKHU ? ? ?
FHOOGLYLVLRQDQGSRUHIRUPDWLRQ7KLVLQGLFDWHVWKDWWKHfocl1 JXDUGFHOOVPD\KDYHDGHIHFW ? ? ?
LQWKHIUDPHZRUNRUDVVHPEO\RIWKHFHOOZDOOZKLFKQRUPDOO\VFXOSWVWKHFXWLFXODUOHGJHLQWRD ? ? ?
GLVWLQFWHOOLSWLFDOVKDSH)LJ7KLVGHIHFWLYHFHOOZDOOLVDOVROLNHO\WREHWKHUHDVRQIRUWKH ? ? ?
LQFUHDVHGVL]HRIfocl1VWRPDWDWXUJRUSUHVVXUHLVSUREDEO\H[HUWLQJDIRUFHWRLQIODWHWKH ? ? ?
JXDUGFHOOVWKDWLVQRUPDOO\UHVWUDLQHGLQZLOGW\SHJXDUGFHOOVE\WKHLUPRUHULJLGFHOOZDOO ? ? ?
IUDPHZRUN,WLVSRVVLEOHEXWOHVVOLNHO\WKDWODUJHUVWRPDWDFRXOGEHGXHWRUHGXFHG ? ? ?
LQWHUFHOOXODU&2FRQFHQWUDWLRQ&LUHVXOWLQJIURPDEURJDWHGVWRPDWDOIXQFWLRQ/RZ&LKDV ? ? ?
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 ? ?

EHHQDVVRFLDWHGZLWKDQLQFUHDVHLQVWRPDWDOFRPSOH[VL]HEXWWKLVLVQRUPDOO\OLQNHGWRD ? ? ?
GHFUHDVHLQVWRPDWDOGHQVLW\)UDQNVDQG%HHUOLQJDQGfocl1VKRZHGDQLQFUHDVHLQ ? ? ?
VWRPDWDOLQGH[DQGQRGLIIHUHQFHLQGHQVLW\VXJJHVWLQJWKDWLWLVPRVWOLNHO\GXHWRDQ ? ? ?
LPSDLUPHQWLQJXDUGFHOOZDOOIXQFWLRQ,QOLQHZLWKWKLVSURSRVDOZHDOVRIRXQGWKDWWKHfocl1 ? ? ?
VWRPDWDZHUHLPSDLUHGLQWKHLUDELOLW\WRFORVH)LJ7KLVLVPRVWOLNHO\GXHWRDGHIHFWLQ ? ? ?
WKHJXDUGFHOOZDOOVDQGPD\EHLQGLFDWLYHRIDODFNRIHODVWLFLW\LQWKHUDWKHUODUJHfocl1 JXDUG ? ? ?
FHOOV ? ? ?
7KHVWRPDWDO2&/KDVEHHQOLWWOHVWXGLHGDQG)2&/LVWKHRQO\SURWHLQNQRZQWREH ? ? ?
ORFDOLVHGWRWKLVVWUXFWXUH0XWDQWSODQWVWKDWDUHXQDEOHWRV\QWKHVLVHFXWLQVXFKDVlacs2, ? ? ?
KDYHGLPLQLVKHGFXWLFXODUOHGJHVDQGLQFUHDVHGWUDQVSLUDWLRQUDWHVLQGLFDWLQJDSUREDEOHUROH ? ? ?
LQSUHYHQWLQJZDWHUORVV/LHWDO0DFJUHJRUHWDO,QFRQWUDVWSODQWVODFNLQJ ? ? ?
)2&/KDYHWKHRSSRVLWH SKHQRW\SHDQRYHUJURZWKRIWKHFXWLFXODUOHGJHVDVVRFLDWHGZLWK ? ? ?
UHGXFHGWUDQVSLUDWLRQVXJJHVWLQJWKDW)2&/GHILQHVWKHH[WHQWRIWKH2&/LQJXDUGFHOOV ? ? ?
7KH2&/LVDQH[WHQVLRQRIWKHJXDUGFHOOZDOOGHULYHGIURPWKHPLGGOHODPHOODZKLFK ? ? ?
FRQWDLQVXQHVWHULILHGSHFWLQVDQGJO\FDQV0DMHZVND6DZNDHWDO0HUFHGDQG ? ? ?
5HQDJOLD:LOVRQHWDO$PVEXU\HWDO3ODQWFXWLFOHVDUHDQFKRUHGWR ? ? ?
FHOOZDOOVE\H[WHQGHGSHFWLFODPHOODHDQGFDQEHUHOHDVHGE\SHFWLQDVHRUFHOOXODVH ? ? ?
WUHDWPHQW-HIIUHH$VWKHSUROLQHULFKUHJLRQRI)2&/LVOLNHO\WREHGHFRUDWHGZLWK ? ? ?
SHFWLFVLGHFKDLQVFRQWDLQLQJJDODFWRVHDQGDUDELQRVH+LMD]LHWDOLWLVSRVVLEOHWKDW ? ? ?
WKHSRVWWUDQVODWLRQDOO\PRGLILHG)2&/SURWHLQQRUPDOO\LQWHUDFWVZLWKSHFWLQRUFXWLQLQWKH ? ? ?
2&/ZKHUHLWLVORFDWHG)LJ%7KXV)2&/FRXOGEHUHTXLUHGWRIDFLOLWDWHLQWHUDFWLRQV ? ? ?
EHWZHHQWKHJXDUGFHOOZDOODQGWKHFXWLFOHWKDWDUHQHFHVVDU\IRU2&/IRUPDWLRQ-HIIUHH ? ? ?
 ? ? ?
)2&/LVLQYROYHGLQODWHUDOURRWGHYHORSPHQW ? ? ?
3ODQWVODFNLQJ)2&/VKRZGHIHFWVLQSULPDU\URRWDQGODWHUDOURRWGHYHORSPHQW+RZHYHU ? ? ?
LQRXUH[SHULPHQWVpFOCL1:GUSVWDLQLQJZDVQRWFRQVLVWHQWO\REVHUYHGLQWKHSULPDU\URRW ? ? ?
)LJDQGLWLVSRVVLEOHWKDWUHGXFHGSULPDU\URRWJURZWKLVUHODWHGWRWKHVPDOOHUVL]HRI ? ? ?
focl1SODQWVGXHWRWKHLUFRYHUHGRYHUVWRPDWDRUWKDWDGGLWLRQDOFOCL1SURPRWHUUHJLRQV ? ? ?
DUHUHTXLUHGIRUSULPDU\URRWH[SUHVVLRQ1RQHWKHOHVVWKHVSHFLILFGUSH[SUHVVLRQSDWWHUQ ? ? ?
LQGHYHORSLQJDQGHPHUJHGODWHUDOURRWVDQGODWHUDOURRWGHIHFWVLQfocl1SODQWVLQGLFDWHWKDW ? ? ?
)2&/KDVDGLUHFWHIIHFWRQODWHUDOURRWGHYHORSPHQW7KHODWHUDOURRWHPHUJHQFHSURFHVV ? ? ?
LVWKRXJKWWRLQYROYHDVHSDUDWLRQRIRYHUO\LQJFRUWH[DQGHSLGHUPDOFHOOVDORQJWKHLUPLGGOH ? ? ?
ODPHOOD,QGHHGFHOOZDOOPRGLILFDWLRQVKDYHSUHYLRXVO\EHHQVKRZQWRSOD\DUROHLQODWHUDO ? ? ?
URRWGHYHORSPHQW6ZDUXSHWDO6HYHUDOJHQHVHQFRGLQJFHOOZDOOUHPRGHOOLQJ ? ? ?
HQ]\PHVVKRZVSHFLILFH[SUHVVLRQLQWKHFHOOVRYHUOD\LQJQHZODWHUDOURRWSULPRUGLDDQGDUH ? ? ?
LQGXFHGE\DX[LQZKLFKSOD\VDNH\UROHLQLQLWLDWLRQHPHUJHQFHDQGHORQJDWLRQRIODWHUDO ? ? ?
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 ? ?

URRWV6ZDUXSHWDO9RVVHWDO,WLVXQOLNHO\WKDW)2&/LVGLUHFWO\LQYROYHGLQ ? ? ?
WKLVFHOOVHSDUDWLRQSURFHVVWKRXJKDVLWVH[SUHVVLRQLVUHVWULFWHGWRGHYHORSLQJODWHUDOURRW ? ? ?
SULPRUGLDDQGLVQHYHUGHWHFWHGLQWKHRXWHUWLVVXHV,QWHUHVWLQJO\WKHUHGXFHGFXWLQOHYHOVLQ ? ? ?
WKHlacs2PXWDQWFDXVHERWKDGHIHFWLYH2&/DQGLQFUHDVHGODWHUDOURRWIRUPDWLRQ ? ? ?
0DFJUHJRUHWDOZKLFKPD\EHUHODWHGWRDQDOWHUHGURRWFXWLFOHRULQGLUHFWO\UHODWHG ? ? ?
WRWKHLQFUHDVHGWUDQVSLUDWLRQLQWKHVHPXWDQWV7KXVWKHfocl1URRWSKHQRW\SHOLNHWKHfocl1 ? ? ?
RFFOXGHGVWRPDWDSKHQRW\SHPLJKWDOVRUHVXOWIURPDGHIHFWLYHUHODWLRQVKLSEHWZHHQWKHFHOO ? ? ?
ZDOODQGWKHFXWLFOH ? ? ?
2XUH[SHULPHQWDOUHVXOWVLQGLFDWHWKDW)2&/LVQRWUHTXLUHGIRUODWHUDOURRWLQLWLDWLRQEXWLV ? ? ?
UHTXLUHGIRUWKHGHYHORSPHQWRIODWHUDOURRWSULPRUGLDSULRUWRHPHUJHQFH3HUHWHWDO ? ? ?
'XULQJWKLVSHULRGWKHODWHUDOURRWLQLWLDOFHOOVRIWKHSHULF\OHGLYLGHSHULFOLQDOO\DQGH[SDQG ? ? ?
UDGLDOO\ZKLOVWWKHHQGRGHUPDOFHOOOD\HURYHUOD\LQJWKHSULPRUGLXPVHSDUDWHVWRDOORZWKH ? ? ?
ODWHUDOURRWWRH[SDQGDQGSURWUXGHWKURXJKLQWRWKHFRUWLFDOOD\HU7KHSURFHVVE\ZKLFKWKH ? ? ?
ODWHUDOURRWSDVVHVWKURXJKWKHVHFHOOOD\HUVLVSRRUO\XQGHUVWRRGEXWLVEHOLHYHGWRLQYROYH ? ? ?
ERWKELRPHFKDQLFDOIRUFHVDQGFHOOZDOOPRGLILFDWLRQV*HOGQHU,QGHHGLWKDVUHFHQWO\ ? ? ?
EHHQVXJJHVWHGWKDWDEXLOGXSLQWXUJRUSUHVVXUHZLWKLQWKHFHOOVRIWKHSULPRUGLXPWKURXJK ? ? ?
WKHUHJXODWLRQRIZDWHUIOX[E\DTXDSRULQDFWLYLW\DQGDX[LQHQDEOHVWKHODWHUDOURRWWRH[WHQG ? ? ?
DQGIRUFHLWVHOIWKURXJKWKHRYHUO\LQJFHOOOD\HUV3HUHWHWDO7KXVLWDSSHDUVSRVVLEOH ? ? ?
WKDWLQODWHUDOURRWSULPRUGLDDQGLQJXDUGFHOOV)2&/FRXOGSURYLGHWKHFHOOZDOOVWUHQJWK ? ? ?
WKDWDOORZVFHOOVWRZLWKVWDQGWKHKLJKWXUJRUSUHVVXUHVUHTXLUHGWRH[SDQGDQGWRIXOILOWKHLU ? ? ?
IXQFWLRQ$OWHUQDWLYHO\)2&/FRXOGEHLQYROYHGLQJXLGLQJDQGGLUHFWLQJQHZO\V\QWKHVLVHG ? ? ?
FRPSRQHQWVLQWRWKHFHOOZDOOWKDWDUHUHTXLUHGIRUFHOOXODUH[SDQVLRQDQGIXQFWLRQ ? ? ?
,QFRQFOXVLRQZHSURSRVHWKDW)2&/LVVSHFLILFDOO\UHTXLUHGIRUWKHIXQFWLRQRIODWHUDOURRW ? ? ?
WLSFHOOVDQGJXDUGFHOOVE\SOD\LQJDUROHLQDVVHPEOLQJRUVWUHQJWKHQLQJWKHFHOOZDOODQGLQ ? ? ?
DQFKRULQJLWWRWKHGHYHORSLQJFXWLFOH$VLWDSSHDUVWKDWWKHVDPHSURWHLQKDVEHHQUHFUXLWHG ? ? ?
WRIXOILODIXQFWLRQLQWKHZDOOVRIFHOOW\SHVZLWKWZRYHU\GLIIHUHQWIXQFWLRQVfocl1PXWDQWV ? ? ?
SURYLGHDQHZWRROIRUWKHVWXG\RI+5*3V:HKRSHWKDWIXWXUHVWXGLHVRIfocl1URRWVDQG ? ? ?
VWRPDWDPD\UHYHDOWKHSUHFLVHUROHRIDSODQWSUROLQHULFKFHOOZDOOSURWHLQ ? ? ?
 ? ? ?
0DWHULDOVDQG0HWKRGV ? ? ?
3ODQW0DWHULDOV ? ? ?
Arabidopsis thalianaSODQWVZHUHJURZQRQDKUGD\PROPíVíOLJKW ?&KU ? ? ?
QLJKW&F\FOHDWKXPLGLW\7'1$LQVHUWLRQOLQHV:LVF'V/R[+VB*focl1-1; ? ? ?
:RRG\HWDODQG6.focl1-2;5RELQVRQHWDOZHUHREWDLQHGIURP1$6& ? ? ?
1RWWLQJKDP8.3ODQWVZHUHFRQILUPHGDVKRPR]\JRXVIRUWKHLQVHUWLRQE\3&5YHULILFDWLRQ ? ? ?
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
ZLWKSULPHUV:LVF'V/R[+VB*¶JDJFFDWFDJFWWJWWFWFDF¶¶WJWWFDWJWFFFWFWJJDDWJ ? ? ?
RU6.¶JFWWFFDFFDWWJFFWFDDD¶¶WJWWFDWJWFFFWFWJJDDWJ¶7RFRQILUPODFNRIRU ? ? ?
WUXQFDWHGFOCL1WUDQVFULSW573&5ZDVFDUULHGRXW51$ZDVH[WUDFWHGZLWK6SHFWUXP ? ? ?
51$NLW6LJPD$OGULFKDQGµJFRQYHUWHGWRF'1$ZLWK0D[LPD+0LQXVUHYHUVH ? ? ?
WUDQVFULSWDVH7KHUPR)LVKHU6FLHQWLILFF'1$VZHUHGLOXWHGILYHIROGDQGFOCL1WUDQVFULSW ? ? ?
DPSOLILHGXVLQJSULPHUVIRFOI¶JFWWFDJJWFFWJFDFDJDDD¶IRFOU¶WFWJFDJJWFFFJJDDWWDJ¶ ? ? ?
DQGIRFOU¶DFDDDDDJDDFWWJJFWJDDFWJJ¶ACT3ZDVDPSOLILHGDVORDGLQJFRQWUROXVLQJ¶ ? ? ?
FWFFJJFJDFWWJDFDJDJDDJ¶DQG¶JJDJJDWJJFDWJDJJDDJDJD¶ ? ? ?
+LVWRFKHPLFDO*86VWDLQLQJ ? ? ?
pFOCL1:GUSJHQHFRQVWUXFWZDVSURGXFHGE\3&5DPSOLI\LQJNEXSVWUHDPIURPWKH ? ? ?
FOCL1WUDQVODWLRQVWDUWVLWHZLWKSULPHUV¶WJWDWJDWDDWWFJDJFWDFJDWWFWDJJFJFDDDDJ¶¶ ? ? ?
DJDDDJFWJJJWFJJDJFDDWDDDJDDJDDJDDJDJDDDF¶DQGFRPELQHGE\*LEVRQFORQLQJ*LEVRQ ? ? ?
HWDOLQWRpBGWFS7.DULPLHWDOFRQWDLQLQJWKHXSVWUHDPUHJLRQRIEPF2 ? ? ?
+XQWDQG*UD\ZKLFKZDVWKHQUHPRYHGE\GLJHVWLRQZLWK6DF,DQG$VF,7KH ? ? ?
SODVPLGZDVWUDQVIRUPHGLQWR$JUREDFWHULXP*9E\IUHH]HWKDZDQGSODQWV ? ? ?
WUDQVIRUPHGE\WKHIORUDOGLSPHWKRG&ORXJKDQG%HQW7UDQVIRUPDQWVZHUHVHOHFWHG ? ? ?
E\VSUD\LQJZLWK%DVWD/LEHUW\$JUHYR+LVWRFKHPLFDOVWDLQLQJIRU*86DFWLYLW\ZDVFDUULHG ? ? ?
RXWRQOHDYHVRI7VHHGOLQJVLQP0SRWDVVLXPSKRVSKDWHP0SRWDVVLXPIHUURF\DQLGH ? ? ?
P0SRWDVVLXPIHUULF\DQLGH7ULWRQ;P0EURPRFKORURLQGRO\OȕG ? ? ?
JOXFXURQLFDFLGDQGP0('7$DIWHUYDFXXPLQILOWUDWLRQDW&/HDYHVZHUH ? ? ?
GHFRORUL]HGLQHWKDQROFOHDUHGLQFKORUDOK\GUDWHDQGLPDJHVFDSWXUHGZLWKDQ ? ? ?
2O\PSXV%;PLFURVFRSHFRQQHFWHGWRD'3GLJLWDOFDPHUDXVLQJ&HOO%VRIWZDUH ? ? ?
([SUHVVLRQSDWWHUQVKRZQZDVW\SLFDORIVHYHUDOLQGHSHQGHQWO\WUDQVIRUPHGOLQHV*86 ? ? ?
VWDLQLQJLQWKHURRWVZDVSHUIRUPHGRQGD\ROGURRWVDVGHVFULEHGSUHYLRXVO\/XFDVHW ? ? ?
DO ? ? ?
*HQHWLF&RPSOHPHQWDWLRQ ? ? ?
pFOCL1:FOCL1-GFPZDVJHQHUDWHGE\DPSOLI\LQJJHQRPLF'1$ZLWKSULPHUV ? ? ?
¶WJWDWJDWDDWWFJDJFWDFJDWWFWDJJFJFDDDDJ¶¶ ? ? ?
DJDDDJFWJJJWFJJDJFDDWDDDJDDJDDJDDJDJDDDF¶DQGFRPELQHGYLD*LEVRQFORQLQJLQWR ? ? ?
pMDC107SUHYLRXVO\FXWZLWK;ED,DQG$VF,pFOCL1:FOCL1-MYCZDVJHQHUDWHGE\ ? ? ?
FXWWLQJpFOCL1:FOCL1-GFPZLWK.SQ,DQG6DF,7KH0<&WDJIURPpCTAPa5XELRHWDO ? ? ?
ZDVDPSOLILHGXVLQJWKHSULPHUV¶WJJWDFFWDDFDJFJJJWWDDWWDDF¶DQG¶ ? ? ?
WJDDFJDWFJJJJDDDWWFJ¶DQGWKHSURGXFWGLJHVWHGZLWK.SQ,DQG6DF,DQGOLJDWHGLQWRD ? ? ?
VLPLODUO\FXWpFOCL1:FOCL-GFPWRFUHDWHpFOCL1:FOCL-MYC7KHSODVPLGZDV ? ? ?
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
WUDQVIRUPHGLQWR$JUREDFWHULXPVWUDLQ*9E\IUHH]HWKDZE\IORUDOGLSPHWKRGDQG ? ? ?
VHOHFWHGRQ[06SODWHVFRQWDLQLQJPJ/K\JURP\FLQ ? ? ?
pFOCL1:GFP-FOCL1ZDVJHQHUDWHGE\RYHUODSSLQJ3&5XVLQJSULPHUV¶ ? ? ?
WDDDDFJDFJJFFDJWJFFDDFJDWWFWDJJFJFDDDDJ¶¶FWWWDFWFDWJJWJJFWDDJFDJDJDDF¶¶ ? ? ?
WWDFDFFDWWWWWJWDWDJWWFWDFFDWJFF
¶DFWDWDFDDDDDWJJWJWDDFFJJDWDWJ
DQG¶ ? ? ?
FJDWFJJJJDDDWWFJDJFWWWJFWJDJFJWWJDWJWJ7KHSURGXFWVZHUHOLJDWHGLQWRS-(7E\EOXQW ? ? ?
HQGHGFORQLQJWKHQH[FLVHGXVLQJ;KR,DQG;ED,7KHGLJHVWHGSURGXFWZDVOLJDWHGLQWR ? ? ?
S0'&FXWZLWK6DO,DQG6SH,DQGWUDQVIRUPHGLQWRfocl1-1DVDERYH ? ? ?
6WRPDWDOGHQVLW\VL]HDQGDSHUWXUHPHDVXUHPHQWV ? ? ?
6WRPDWDOGHQVLW\ZDVWDNHQIURPIXOO\PDWXUHOHDIVXUIDFHVDUHDVSHUOHDIXVLQJQDLO ? ? ?
YDUQLVKLPSULQWVIURPGHQWDOUHVLQLPSUHVVLRQV,PSUHVVLRQSOXV7U\&DUHDQGPRXQWHG ? ? ?
GLUHFWO\RQWRVOLGHV,PDJHVZHUHUHFRUGHGXVLQJDQ2O\PSXV';OLJKWPLFURVFRSH7R ? ? ?
DQDO\VHVWRPDWDOFRPSOH[VL]HLPDJHVIURPLPSULQWVDUHDVSHUOHDIDWOHDVWVWRPDWD ? ? ?
SHUSODQWZHUHPHDVXUHGXVLQJ/LQHWRROLQ,PDJH-6WRPDWDOFRPSOH[VL]HZDVFDOFXODWHG ? ? ?
XVLQJWKHIRUPXODarea = πabZKHUHaLVWKHJXDUGFHOOSDLUVKRUWUDGLXVDQGbWKHORQJ ? ? ?
UDGLXV ? ? ?
7KHFRQWURORIVWRPDWDODSHUWXUHVZDVDQDO\VHGXVLQJOHDIDED[LDOHSLGHUPLV:HEEDQG ? ? ?
+HWKHULQJWRQ6WULSVRIHSLGHUPLVZHUHWDNHQIURPOHDYHVRIILYHWRVL[ZHHNROG ? ? ?
SODQWV±OHDYHVRIHDFKJHQRW\SHXVLQJWZHH]HUVDQGWKHQIORDWHGRQUHVWLQJEXIIHU ? ? ?
P00(6S+IRUPLQXWHV6WULSVZHUHWUDQVIHUUHGWRRSHQLQJEXIIHUP00(6 ? ? ?
P0.&/S+LQWKHOLJKWPROPíVíDHUDWHGZLWK&2IUHHDLUDQGPDLQWDLQHGDW ? ? ?
&IRUKRXUV7RLQYHVWLJDWHWKHHIIHFWRI$%$RQVWRPDWDODSHUWXUHRSHQLQJEXIIHUZDV ? ? ?
VXSSOHPHQWHGZLWK0$%$3RUHZLGWKVDQGOHQJWKVZHUHUHFRUGHGIURPDWOHDVW ? ? ?
VWRPDWDIRUHDFKWUHDWPHQW3RUHDUHDZDVFDOFXODWHGDVDERYH ? ? ?
0LFURVFRS\DQGFHOOVXUIDFHDQDO\VHV ? ? ?
)RUFU\RVFDQQLQJHOHFWURQPLFURVFRS\FU\R6(0H[FLVHGOHDYHVZHUHSODFHGIODWRQD ? ? ?
EUDVVVWXEVWXFNGRZQZLWKFU\RJOXHFRQVLVWLQJRIDPL[WXUHRI7LVVXH7HF6FLJHQ ? ? ?
6FLHQWLILF86$DQG$TXDGDJFROORLGDOJUDSKLWH$JDU6FLHQWLILF6WDQVWHG8.DQGSOXQJH ? ? ?
IUR]HQLQOLTXLGQLWURJHQZLWKYDFXXPDSSOLHG&U\RIUDFWXUHOHDIVDPSOHVZHUHSODFHG ? ? ?
YHUWLFDOO\LQUHFHVVHGVWXEVKHOGE\FU\RJOXH)UR]HQVDPSOHVZHUHWUDQVIHUUHGXQGHU ? ? ?
YDFXXPWRWKHSUHSFKDPEHURID377FU\RDSSDUDWXV4XRUXP7HFKQRORJLHV/HZHV ? ? ?
8.PDLQWDLQHGDW ?&6XUIDFHLFHZDVUHPRYHGXVLQJDVXEOLPDWLRQSURWRFROFRQVLVWLQJ ? ? ?
RI ?&IRUPLQ)RUFU\RIUDFWXUHQRVXEOLPDWLRQZDVFDUULHGRXWDQGLQVWHDGDOHYHO ? ? ?
VHPLURWDU\FU\RNQLIHZDVXVHGWRUDQGRPO\IUDFWXUHWKHOHDI$OOVDPSOHVZHUHVSXWWHU ? ? ?
FRDWHGZLWKSODWLQXPWRDWKLFNQHVVRIQP6DPSOHVZHUHWKHQWUDQVIHUUHGDQGPDLQWDLQHG ? ? ?
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
FROGXQGHUYDFXXPLQWRWKHFKDPEHURID=HLVV(92+'6(0ILWWHGZLWKDFU\RVWDJH ? ? ?
6(0LPDJHVZHUHFDSWXUHGXVLQJDJXQYROWDJHRIN9,SUREHVL]HRIS$D6( ? ? ?
GHWHFWRUDQGDZRUNLQJGLVWDQFHRIWRPP ? ? ?
6FDQQLQJHOHFWURQPLFURVFRS\6(0VSHFLPHQVZHUHIL[HGRYHUQLJKWLQJOXWDUDOGHK\GH ? ? ?
0VRGLXPFDFRG\ODWHEXIIHUZDVKHGLQ0VRGLXPFDFRG\ODWHEXIIHUDQGVHFRQGDU\ ? ? ?
IL[HGLQDTXHRXVRVPLXPWHWUR[LGHKUEHIRUHGHK\GUDWLQJWKURXJKHWKDQRO ? ? ?
VHULHVPLQVHDFKDQGGU\LQJRYHUDQK\GURXVFRSSHUVXOSKDWH6SHFLPHQVZHUHFULWLFDOO\ ? ? ?
SRLQWGULHGXVLQJ&2DVWKHWUDQVLWLRQDOIOXLGWKHQPRXQWHGZLWKVWLFN\WDEVRQPP ? ? ?
GLDPHWHUVWXEVDQGFRDWHGLQDQ(GZDUGV6%VSXWWHUFRDWHUZLWKDSSUR[LPDWHO\± ? ? ?
QPRIJROG6SHFLPHQVZHUHYLHZHGXVLQJD3KLOLSV6(0;/DWDFFHOHUDWLQJYROWDJHRI ? ? ?
NY)RUDWRPLFIRUFHPLFURVFRS\$)0GD\ROGOHDYHVZHUHH[FLVHGDQGIL[HGWRJODVV ? ? ?
VOLGHVXVLQJ3URYLO1RYREHIRUHVXEPHUJLQJXQGHUDGURSRIZDWHUDQGLPDJLQJZLWKDQ ? ? ?
$V\OXP0)3'2[IRUG,QVWUXPHQWV&R6DQWD%DUEDUD&DOLIRUQLDXVLQJFRQWDFWPRGH ? ? ?
+HLJKWDQGGHIOHFWLRQLPDJHVZHUHREWDLQHGZLWKWULDQJXODUVLOLFRQQLWULGHSUREHV%UXNHU ? ? ?
61/QRPLQDOVSULQJFRQVWDQW1PXVLQJ$V\OXPLQVWUXPHQWDWLRQVRIWZDUHE\ ? ? ?
VFDQQLQJDW+]RQFRQWDFWPRGHZLWKVHWSRLQW9 ? ? ?
9HUWLFDOVFDQQLQJLQWHUIHURPHWU\96,ZDVFDUULHGRXWRQDED[LDOVXUIDFHVRIIXOO\H[SDQGHG ? ? ?
OHDYHVZLWKOHDIKHOGIODWE\SUHVVLQJRQWRGRXEOHVLGHGWDSHXVLQJD:\NR17VXUIDFH ? ? ?
3URILOHUDQGLPDJHVZHUHDQDO\VHGRQ9LVLRQ)RUOLJKWPLFURVFRS\VWHPVDPSOHVaFP ? ? ?
OHQJWKVIURPWKHEDVHVRIEUDQFKHVRIPDWXUHSODQWVZHUHIL[HGLQZYIRUPDOGHK\GHLQ ? ? ?
3(0EXIIHU03,3(6P0(*7$P00J62DGMXVWHGWRS+E\YDFXXPLQILOWUDWLRQ ? ? ?
WKHQGHK\GUDWHGLQDQHWKDQROVHULHVPLQHDFKDW(W2+DQG ? ? ?
LQILOWUDWHGZLWK/5:KLWH5HVLQ/RQGRQ5HVLQ&RPSDQ\GLOXWHGLQHWKDQROPLQHDFKDW ? ? ?
	UHVLQWKHQ[KDW6DPSOHVZHUHVWRRG ? ? ?
YHUWLFDOO\LQJHODWLQHFDSVXOHVILOOHGZLWKUHVLQDQGSRO\PHULVHG!GD\VDW&P ? ? ?
VHFWLRQVZHUHFXWXVLQJD5HLFKHUW-XQJ8OWUDFXW(XOWUDPLFURWRPHVWDLQHGZLWK7ROXLGLQH ? ? ?
%OXHYLVXDOLVHGXVLQJDQ2O\PSXV%;PLFURVFRSHDQGLPDJHVFDSWXUHGXVLQJ&HOO% ? ? ?
VRIWZDUH(SLGHUPDOSHHOVZHUHVWDLQHGE\DGGLQJDGURSRIQJђO1LOHUHGLQ'062 ? ? ?
DQGLPDJHGE\IOXRUHVFHQFHPLFURVFRS\ZLWKDQ2O\PSXV';PLFURVFRSHXVLQJ ? ? ?
H[FLWDWLRQHPLVVLRQDQGGLFKURLFPLUURU)2&/*)3LPDJHVZHUHFDSWXUHGDV ? ? ?
DERYHZLWKDVH[SRVXUHWLPH ? ? ?
5DPDQ6SHFWURVFRS\ ? ? ?
5DPDQPLFURVFRS\ZDVSHUIRUPHGXVLQJD5HQLVKDZ,Q9LDV\VWHPILWWHGZLWKDQPODVHU ? ? ?
DQGDOLQHVPPJUDWLQJ)UHVKOHDIVDPSOHEORFNV[PPZHUHDWWDFKHGWRDOXPLQLXP ? ? ?
VOLGHVXVLQJFDUERQWDSHDQG5DPDQ'PDSSLQJZDVFDUULHGRXWXVLQJD[REMHFWLYH ? ? ?
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
ZLWKDVSL[HOH[SRVXUHWLPH[DFFXPXODWLRQ6SHFWUDOUDQJHZDVVHWDWWR ? ? ?
FHQWUH5DPDQVKLIWFP'DWDZHUHDQDO\VHGXVLQJ5HQLVKDZ:L5(VRIWZDUHZLWK ? ? ?
VFDQVEHLQJREWDLQHGDFURVVVWRPDWDOUHJLRQVRILQWHUHVWIURPDWOHDVWLQGHSHQGHQW ? ? ?
ELRORJLFDOVDPSOHV ? ? ?
7UDQVSLUDWLRQPHDVXUHPHQWV ? ? ?
7UDQVSLUDWLRQUDWHVZHUHPHDVXUHGXVLQJDSRURPHWHU'HFDJRQ'HYLFHVZLWK ? ? ?
PHDVXUHPHQWVWDNHQSHUSODQWIURPSODQWVRIHDFKJHQRW\SH2QO\focl1-2ZDVVWXGLHGDV ? ? ?
focl1-1OHDYHVZHUHWRRVPDOOWRLQVHUWLQWRWKHSRURPHWHUFKDPEHU,QIUDUHGWKHUPRJUDSK\ ? ? ?
ZDVXVHGDVDSUR[\PHDVXUHRIHYDSRUDWLYHFRROLQJIURPWUDQVSLUDWLRQZHHNROGSODQWV ? ? ?
ZHUHNHSWXQGHUDSURSDJDWRUOLGIRUKUVEHIRUHDQDO\VLV7KHOLGZDVUHPRYHGKUVLQWR ? ? ?
WKHSKRWRSHULRGDQGLPDJHVFDSWXUHGZLWKD)/,56&WKHUPDOLPDJLQJFDPHUDDQG ? ? ?
DQDO\VHGXVLQJ7KHUPD&$05HVHDUFKHU3URIHVVLRQDO)RUHDFKLPDJHWKHPHDQ ? ? ?
WHPSHUDWXUHIURPVSRWUHDGLQJVIURPWKHFHQWUHRIIXOO\H[SDQGHGOHDYHVIURPSODQWVRI ? ? ?
HDFKJHQRW\SHZDVFDOFXODWHGDQGDPHDQWHPSHUDWXUHSHUSODQWXVHGIRUVWDWLVWLFDO ? ? ?
DQDO\VHV ? ? ?
5RRWJURZWKDQDO\VLV ? ? ?
6HHGOLQJVZHUHJURZQYHUWLFDOO\RQ[06SODWHVDQGQXPEHURIHPHUJHGODWHUDOURRWVDQG ? ? ?
SULPDU\URRWOHQJWKVZHUHUHFRUGHGDWDQGGD\V5RRWVZHUHWKHQFOHDUHG3HUHWHW ? ? ?
DODQGPRXQWHGLQJO\FHURODQGVWDJHVRIODWHUDOURRWSULPRUGLDZHUHGHWHUPLQHG ? ? ?
XVLQJD/HLFD'05%PLFURVFRSH ? ? ?
6WDWLVWLFDODQDO\VLV ? ? ?
8QSDLUHGWWHVWVZHUHSHUIRUPHGXVLQJ0LFURVRIW([FHO ? ? ?
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),QPDWXUHfocl1-1VWRPDWD ? ? ?
WKHFHQWUDOSRUHFDQUHPDLQWRWDOO\EORFNHGE\WKHPHPEUDQRXVFXWLFXODUPDWHULDOJF  ? ? ?
JXDUGFHOO%DUV$% P&' P() P ? ? ?
 ? ? ?
)LJfocl1PXWDQWVKDYHIXVHGRXWHUFXWLFXODUOHGJHV$DQG%$ED[LDOVXUIDFHVRIZLOG ? ? ?
W\SH&RODQGfocl1 VWRPDWHVLPDJHGE\96,'HSWKLVLQGLFDWHGLQQP&DQG'$)0 ? ? ?
GHIOHFWLRQLPDJHVRIVWRPDWHV(DQG)7UDQVYHUVHVHFWLRQVRIVWHPHSLGHUPLVVWDLQHGZLWK ? ? ?
7ROXLGLQHEOXH3RVLWLRQRIRXWHUFXWLFXODUOHGJHVRFOLQGLFDWHGE\DUURZV*DQG+ ? ? ?
$GD[LDOOHDIHSLGHUPLV6FDOHEDUV$%(DQG) µP&'*	+ µPS VWRPDWDO ? ? ?
SRUHRFO RXWHUFXWLFXODUOHGJHJF JXDUGFHOORS RFFOXGHGSRUH ? ? ?
 ? ? ?
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 ? ?

)LJ$OLSLGULFKFXWLFOHH[WHQGVDFURVVWKHSRUHRIfocl1VWRPDWD$:LOGW\SH&RODQG ? ? ?
%focl1-1VWRPDWDOVXUIDFHVLPDJHGE\IOXRUHVFHQWPLFURVFRS\DIWHUVWDLQLQJZLWK1LOHUHG ? ? ?
ZKLFKIOXRUHVFHVJUHHQ&WR*&RO&'(DQGfocl1-1VWRPDWDOVXUIDFHV)*ZHUH ? ? ?
LPDJHGXVLQJ5DPDQVSHFWURVFRS\RYHUDUDQJHRIZDYHOHQJWKVIURPFWRQP ? ? ?
0DSVZHUHREWDLQHGDFURVVVWRPDWDDQGSRLQWVFDQVLQGLFDWHGE\FURVVKDLUVVKRZQIRU ? ? ?
GLIIHUHQWUHJLRQV3RLQWVFDQVWDNHQIURPWKHJXDUGFHOOVXUIDFH&)WKHZLOGW\SHFXWLFXODU ? ? ?
OHGJH'DQGIURPWKHFHQWUHRIWKHSRUHUHJLRQ(+0DSVZHUHWDNHQIURPDWOHDVW ? ? ?
LQGHSHQGHQWELRORJLFDOVDPSOHVZLWKVLPLODUUHVXOWVREWDLQHGLQHDFKFDVH6FDOHEDU$%  ? ? ?
P&* P ? ? ?
 ? ? ?
)LJ)2&/*)3ORFDOLVHVWRWKHFXWLFXODUOHGJH6HHGOLQJVRI7OLQHVRIfocl1-2  ? ? ?
H[SUHVVLQJ pFOCL1:FOCL1-GFPZHUHDQDO\VHGE\HSLIOXRUHVFHQFHPLFURVFRS\:LOGW\SH ? ? ?
&ROVDPSOHVVKRZHGZHDNDXWRIOXRUHVFHQFH$FRPSDUHGWRFRPSOHPHQWHGfocl1-2 ? ? ?
SODQWV%ZKHUH)2&/*)3VLJQDOLVODUJHO\UHVWULFWHGWRWKH2&/LQGHYHORSLQJULJKWDQG ? ? ?
PDWXUHJXDUGFHOOOHIW6FDOHEDU P ? ? ?
 ? ? ?
)LJfocl1 PXWDQWVKDYHLPSDLUHGWUDQVSLUDWLRQDQGVWRPDWDODSHUWXUHFRQWURO$,QIUDUHG ? ? ?
WKHUPDOLPDJHVRIUHSUHVHQWDWLYHPDWXUH&RODQGfocl1SODQWVWDNHQDWVWDUWRIH[SHULPHQW ? ? ?
%7LPHFRXUVHRIPHDQOHDIWHPSHUDWXUHUHFRUGHGE\LQIUDUHGWKHUPRJUDSK\DIWHUUHGXFWLRQ ? ? ?
LQKXPLGLW\focl1-1DQGfocl1-2KDGVLPLODUWHPSHUDWXUHVWKURXJKRXWDQGDUHYLUWXDOO\ ? ? ?
LQGLVWLQJXLVKDEOHRQWKLVJUDSKQ SODQWVRIHDFKJHQRW\SHZLWKPHDVXUHPHQWVIURP ? ? ?
OHDYHVRIHDFKSODQW&/HDISRURPHWU\ PHDVXUHPHQWVRI&RODQGfocl1-2 VWRPDWDO ? ? ?
FRQGXFWDQFHQ OHDIIURPSODQWVRIHDFKJHQRW\SH VLJQLILFDQWVWDWLVWLFDO ? ? ?
GLIIHUHQFHIURP&ROS'DQG(PHDVXUHPHQWVRI&RODQGfocl1-1VWRPDWDOSRUH ? ? ?
ZLGWKV'DQGFDOFXODWHGSRUHDUHDV(IROORZLQJLQFXEDWLRQZLWKµ0$%$%DUVZLWK ? ? ?
LGHQWLFDOOHWWHUVDUHQRWVWDWLVWLFDOO\GLIIHUHQWSQ !VWRPDWD(UURUEDUV6''DWD ? ? ?
IURPRQHLQGHSHQGHQWH[SHULPHQWLVVKRZQDUHSOLFDWHGH[SHULPHQWVKRZHGVLPLODUUHVXOWV ? ? ?
)5HSUHVHQWDWLYHLPDJHVRIVWRPDWDIURP'DQG( 6FDOHEDUµP*5HSUHVHQWDWLYH ? ? ?
LPDJHVRIZHHNROGSODQWVXQGHUGURXJKWFRQGLWLRQVDIWHUZDWHUZDVZLWKKHOGIRUGD\V ? ? ?
WKHQUHZDWHUHGIRUGD\V ? ? ?
 ? ? ?
)LJ)2&/DIIHFWVURRWJURZWK$GUSH[SUHVVLRQSDWWHUQLQpFOCL1:GUSURRWV ? ? ?
/DWHUDOURRWHPHUJHQFHVWDJHVDUHLQGLFDWHGZLWK5RPDQQXPHUDOV35 SULPDU\URRW6FDOH ? ? ?
EDUVµP%LPDJHVRIVHHGOLQJVGD\VDIWHUWUDQVIHUWROLJKWIRUURRWJURZWKDQDO\VLV ? ? ?
6FDOHEDUFP&(0HDVXUHPHQWVRIURRWVGD\VDIWHUOLJKWWUDQVIHU&ODWHUDOURRW ? ? ?
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GHQVLW\'QXPEHURIODWHUDOURRWEUDQFKHVSHUVHHGOLQJ(SULPDU\URRWOHQJWKVQ  ? ? ?
VHHGOLQJV$W\SLFDOH[SHULPHQWIURPLQGHSHQGHQWUHSOLFDWHVLVVKRZQHDFKH[SHULPHQW ? ? ?
VKRZLQJDVLPLODUUHVXOW)SURSRUWLRQRIODWHUDOURRWVDWHDFKVWDJHVRISULPRUGLDO ? ? ?
GHYHORSPHQW VWDWLVWLFDOO\VLJQLILFDQWIURP&ROSQ &RORUfocl1-1(UURU ? ? ?
%DUV6( ? ? ?
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
	

	




		
	 
! 
		
	
!"#
$	"	
	


	


	

	


%&'()&*+",+"!
$*!**
-&!,'		.#/	%01 

!
#	2
	3
	456 7
	


	


	

	


!,
58
		
	
!
!2	 	!"
		
!
##	 
		
2
7

		
!
	9


:615 
	


	


	

	


"!0$
;<<1;	6			
!"
	 	


			
!	

06=75 =:7
	


	


	

	


;/0$	"-0<%2	
	9>


	.	
9""	
	
3
	467:7 7:=
	


	


	

	


;	/%-+	<<

	
	!(*4'< <
	


	


	

	


?37&!	@9
$	:657 551
	


	


	

	


?	-?
<A.
	-3
9!/	3
%
!67:7 7:5
	


	


	

	


?@$	-5	$6$		
:5=: 1
	


	


	

	


(%
1'-A* 
	
	
		99	"
!	

	#
	
	"2
	0$
<56:< 
	


	


	

	


(	B.	%
!
	.
	
!	"

	7?7		
!	3#9
!
( > "
	
! 	!	0$	!1=6<7 <7
	


	


	

	


(
*?0A<&!	"	"
	A;

		9			"

9
$	
<61: 1<
	


	


	

	


0A&!	


!

	$	"
!

	@	%%$/#>2
 5
	


	


	

	


0*%	0*!-%) %07#		
	"
	3
	
46=17 =11
	


	


	

	


 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
'		%8.--	/?&A+,9
"
	 	



	&
	=6<7 
<5
	


	


	

	


'		.#/	%0*
-&<<:A2
	6
	
	9
	
		

 

	!"
0
565= =
	


	


	

	


'	
(3!/
%@%@:	""6	/	"

!



9
3#!
76:: 
	


	


	

	


'.-'0/%=A !	"	 "
	
	


	
		"!




9	%$	"&#-"!

&
0/%("#%0	
%	"-!
3
!< 
	


	


	

	


*
-&<7>2"	2
		
!2	
#
	0$	!716:71 ::
	


	


	

	


*
-&'		.#/	%0!,%@
!2
				#!	



!	56 <
	


	


	

	


*	,
=8
		
	
	
		
!	
	
	#	
!	 	/
3
	4:6177< 17::
	


	


	

	


*	%!%=		"

	"!	"!2	9
	?7	

	
	
!B					
!	:5617 1=:
	


	


	

	


*%
(>@& @>>&"
	
9
	
	
9
			
!	
55671: 7<1
	


	


	

	


%""-@-/'88"%0A1@

!	

			"#	
	"


/	
!	
	
6:7 
	


	


	

	


%B#/ #/%C
@D". ?D%8?#6	
!	

	!	

0A2$
576= =<
	


	


	

	


%/4@
3% @$
?@

"
"2	

"	
9

	
	9	 	!
	
!	6== 1
	


	


	

	


%@"	':-9
!"	"#


		
		
!;	6
		
	
	9
	

$
:6 
	


	


	

	


%/?!	
(7&!		2
	"
A2
	2
!"!

9

		9	
	
		
	

=675 7
	


 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
	


	

	


>"# >!	!	%%
!	
+%
!	,78
		
	
!!2	> 	
	
		
!	3
!$	<6= =7
	


	


	

	


E
$
<		

9
6"	"
&
	:67<< :1
	


	


	

	


E

2	"
	
	
		



"3
$	:6<< <<1
	


	


	

	


@
'!	
(82
	9			
	

!	/	"!	"!
0A2$

5=657= 5:5
	


	


	

	


@	0
<!	9
	9

""
			
!	
		

#"
	
!$%
$	<6
	


	


	

	


@	F!,	B,*	,?	?-	! '-"G+5

	9
		
		
	

"
	
		
	2	
	
0:5== ==1
	


	


	

	


!#
%'$*	!
"0?-+!*@		
	!

!	
		
			
	
	!2	 	!"
	
!	576:15 57
	


	


	

	


#@
1&!2		2	*G7


"3
6<: 5:
	


	


	

	


F.%
> "
#
	
		
!	"#
!	776: :7
	


	


	

	


F4
5&!		/!	"

"		
	
				
!	3
6=:
->8671
	


	


	

	


+(
!	"
%<<=9"
!			>2
		"

	
!#
	

"
!	:655= 5
	


	


	

	


+	%(
5%
	 			
		"	
	"
!2
	#	
!		
!	

"
	.;
-9$	765
	


	


	

	


+	
-
=HA
	;
	
"!H#2	".	"" 	"	


*>16=1
	


	


	

	


+&
	 !			@%'0=&!+	-*2& -3
	6			

"
	"	9!	"! 
!"!
& -3	"		0
@!65= 5
	


	


 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
	

	


,",
*!
3	"@!0818
	
"		"
	



	!

%
!:6
	


	


	

	


I!*/;-<<<4




9
			$	90$
1<< <7<
	


	


	

	


I	(	"*?	+5? 2		
#/	9	"?9
	"
&

	6:= :<
	


	


	

	


 www.plantphysiol.org on February 4, 2017 - Published by www.plantphysiol.orgDownloaded from 
Copyright © 2017 American Society of Plant Biologists. All rights reserved.
